The mechanism of intramolecular cyclization for products of epichlorohydrin aminolysis by secondary amines has been investigated at ab initio level of theory. By comparative analysis of energetic characteristics, which obtained in vacuo as well as in acetonitrile solution with the trace quantities of water as an «active» solvation partner of reaction, it has been shown a decisive role of solvent, which occurs mainly at the expense of the polarizable effects for nonspecific solvation. Indeed, the addition to the substrate of one water molecule have decreased corresponding EACT values only 24.1 kJ/mol, while the appearance of acetonitrile surroundings have the same influence ~42.0 kJ/mol. The results of calculations are in good agreement with that data, which have been obtained for such type modeling previously.
Introduction
Epichlorohydrin (ECH) has found wide usage in polymer chemistry because of its uniqueness in possessing both a labile chlorine and an oxirane group [1] . The authors' interest has been focused on the mechanisms of epichlorohydrin-amine reactions because of their importance in the chemical modifications of cellulose [2; 3] . Of particular interest are reactions catalyzed by tertiary and secondary amines (Scheme 1).
Tertiary amines react with ECH to form a glycidyl (2,3-epoxypropyl) ammonium salts (1) while the secondary one -to form the tertiary aminochlorohydrins (2), which give cyclic structures of the 3-hydroxy azetidinium salt type. Since these structures are fairly constrained they are also fairly reactive [4] [5] [6] . Compared to other nitrogen heterocycles such as aziridines, pyrolidines, or piperidines, the chemistry of azetidines is much less developed, probably because of their limited availability. The ring strain in these heterocycles makes them excellent candidates for nucleophilic ring-opening or ring-expansion reactions yielding higher ring systems or highly substituted acyclic amines [6] .
The main purpose of this work is to investigate the mechanism of azetidinium salts formation under conditions of intramolecular cyclization reaction for products of ECH aminolysis by secondary amines. The influence of substrate structure as well as the specific and nonspecific solvation effects of medium on heterocyclization process has also been under our consideration.
Results and Discussion
I. The equilibrium state features for ringclosure and ring-opening reactions of azetidinium ion. For the first step of our investigation some features of equilibrium state for N-cyclization reaction have been considered at B3LYP/6-311++G(d,p) level of theory [7] . Some geometrical parameters for located structures of transition states (TS) as well as the corresponding values of activation barriers are shown in Scheme 2 and Tab. 1.
In the case of gas phase the full predominance of the reverse way of reaction is absolutely clear from the point of atomic charge compensation, which occurs under the absence of any polarizable effects for specific or nonspecific solvation. At the same time the full relaxation of geometry for all stationary points with CPCM model demonstrates another set of Е ACT values with some dominance for the forward conversation. These results are in good agreement with experimental data, which have been obtained for such type modeling previously [3] . II. The effects of specific solvation. The total solvation effects with the details of the structure for the first solvation shells of the substrate have been investigated to continue our previous work. 2 ] theoretical models as well as some geometrical parameters for hydrogen bonds formed are shown in Scheme 3.
Calculated at B3LYP By comparison of calculated Е ACT values with one another it has been shown a decisive role of electron donating properties of R 1 /R 2 -groups, which are closely bonded with the attacking Nitrogen atom. As to the nonspecific solvation energies of cyclization, they are ~42.0 kJ/mol and have a great importance for these type reactions [10] . 
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